Structural characterization of the FKHR gene and its rearrangement in alveolar rhabdomyosarcoma.
The FKHR gene, which contains a forkhead DNA-binding motif, is fused to either PAX3 or PAX7 by the t(2;13) or t(1;13) translocation in alveolar rhabdomyosarcoma,respectively. These tumors express chimeric transcripts encoding the N-terminal portion of either PAX protein fused to the C-terminal portion of FKHR. To understand the structural basis and functional consequences of these translocations, we characterized the wild-type FKHR gene and its rearrangement in alveolar rhabdomyosarcomas. By isolating and analyzing phage, cosmid and YAC clones, we determined that FKHR consists of three exons spanning 140 kb and that several highly similar loci are present in other genomic regions. Exon 1 encodes the N-terminus of the forkhead domain and is embedded within demethylated CpG island. RNA analyses reveal FKHR transcripts initiate from a TATA-less promoter within this island. Exon 2 encodes the C-terminus of the forkhead domain and a transcription activation domain, whereas exon 3 encodes a large 3' untranslated region. The intron 1-exon 2 boundary precisely matches the FHKR fusion point in the chimeric transcripts found in alveolar rhabdomyosarcomas. Using pulsed-field and fluorescence in situ hybridization analyses, we demonstrate that the 130kb FKHR intron 1 is rearranged in t(2;13)-containing alveolar rhabdomyosarcomas. Our findings indicate that FKHR intron 1 provides a large target for DNA rearrangemnt. Rearrangement of this intron with PAX3 produces two important functional consequences: in-frame fusion of N-terminal PAX3 sequences to the FKHR transcriptional activation domain and disruption of the FKHR DNA binding domain.